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THIS INVENTION relates -fco an iaa^creased. 
efficiency ot internal co2irbus1:ion engines* 

Hitlierto, internal combustion engines liave 
been thertaally inef flcie-nt because a ti^^ proportion 
5 of tlie energy- generated by the cozobustio^i process lias 
escaped tlirongli tlie exlxaust sys^te^ in tb.e toT7s~ of gas 
pressure and heat. Because txie vol';332e of fuel/air 
mixture that is compressed for Ignition equals tlie 
volume over tfhicli the bumiii^ gas is allowed to expand « 
10 tilts loss of energ:y Is unavoidable e 

The object of this invention is to laodlfy 
ccnventloiaal reoxprocatlag internal corabastion er1gi22.es 
so that the volusie within the cylinder » ©r cylinders, 
over 'rfhlch the burning fuel/air mixture Is allowed to 
' 15 expand Is greater than the vclnase of mixture as com-* 

-* pression begins to take place. The ratio between the 

y-*' expansion and compression volusnes can be varied dnrlng 

construction to suit particular applications and up to 
a uiaxiiQXiiH of about 3^1 ^t which stage the pressure of 
20 the ^as vitriln the co?aboist?Lon area at the coiDpletlon 
of the pover stroke has reduced aliaost to aisblent 
pressure before bein^ allowed to escape through the 
exhaust systein* Thus, saxlBrosi '^nergy can be recovered 
fro«a the expanded gas and exhaust noise practically 
25 elisi5.nated* Hereinafter, a voluase ratlc of 3'1 "Will 
be used to explain the operation of this invention. 
/ Xn accordance with the invention, the -working volijijae 

\ * of the piston vlth regard to an associated cylinder 

Is the volume of the cylinder above the piston and 
30 varies in accorcance with the reciprocating movement 
of the piston within the cylinder. 

The Internal cottibustion env<ilrie of the invention 
\/ili be si*.iiilar to any* tvo-cycle or four-cycle engine 
except that by modified inlet valve opening periods or 
35 oy the inclusion of an additional valve, hereinafter 



\ 



ref^erred to as tliie transfer ^ralve , about two— ■fchdrtis 
or the valuine of the mixture otberwis^ compressed 
xv^ill be expelled into a retaxTiiiig cl^aznber berore tlie 
valve closes and conipression of* the reisalnlag one*- 
thlrd of tlie :7iixture begins to take place* Tiiusi, th,e 
v^orlclng volume of the niixture to bs coi&pressed xirlll l>e 
proportioixally less tnan the working volume over whlcii 
the burrsiixg gas is able to expand • Th^ jaxxture retained 
In the chamber is then used d'orin^ tSie subsequent In* 
dxiction cycle ^5?ith the one-third portion used diaring the 

o 

previous power cycle being: replaced through i^gei^ctlon 
systeEz in the conventional manner • Coisps^ession ratios 
will therefor be the ratio between the sv/ept voluase after 
closure of the InlGt or transfer valves and the coinbuation 
chaniber volxiiae at the point of maxixsuss co^npressiozi of the 
fuel/air miocture. 

The eribodj^ent Ox . this issA-ention tviii now be 
more fully described Tith reference to the accotnpanylji^ 
drawings, wherein: 

Fig 1 shows \he end elevations of a cam . 
nsed to operate a conventional inlet poppet 
valve and that of a siunilar cam modified to . 
produce a cylinder volume ratio of about ^zH^ 
Fig Z is a c>ica\-fay viev of an inlet manifold 
showing a simple reed valve located over the 
manifold inlet port to niaint3.in5 in certain 
cases, positive pressure within the nianifoid* 
Pi^ 3 is schei?iatic sectioned elevation of a 
cylinder head showing the transfer \-alve for 
enibodisnent ,of the invention in two-«cycls 
engines- 

Figures 1 and 2. relate to the ezabodliHent of 
the invent ion in a four-cycie oxi^lne. The engine is 
e^seritlally a. niodified conventional four— cycle recip- 
rocating internal conibustion engine wherein the came 
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operatively coau^cted to ialet ^-alves agre sr^ijj&ih&a 

to cotLioriB approximately witb tlie essi pt^f:%^ ia Pig 1 
(b) to give an expansion to cosipressl^js voijfine raitrfLo 
of 3:1. iji operation, t'&e ijilet -^41^©. .is feijt open 

th%refoi-e close at about 6Q 4e^es W^iJare t£# pisten 
readies tfee poist of rsasiBJaia t^mms^i^-^^, T^s tlie 
valve is open during 220 d^gr^es, <^i-. ^-^i^^^.^ 
tls© compression stroke taerel^ aiio-g?i-Rg a&o*i^' -few- 
iO thirds. of t&e induced jsixtiare to be e^JspeXi^ froia tlje. 
cylinder into the ialet aiaaifold. ^er *lSe iaiet:/ 
valve lias closed the reiaaining oae-it^ird of t!Sfe ai?*«re 
is coffipresssd, ignited ajid expanded in tJs^ . conveat^oaaX 
masmer. 

For . esibodlajeiit of this iaveatios la singie 
cylinder engines, or multi-cylinder eE^iaes vfeicfe do liot 
iaave an. induction stroke occurri^ig: daring the first 120 
de^ee rotation period of cocpressioa ia fflax>tiier cylinder, 
a modified induction manifold as sbow3i im Fig 2 is 

20 necessary. In such cases the inlet manifold pr-essiafe 
. will rise above aableat air pressure for short periods 
and the Eizture will ter.d to be expelled to ataospliere 
through the manifold dljilet. Tl.e reed val^re 1, sh<wm 
covering the manifold inlet port 2 (dotted oatline) in 

25 Fig 2, will retain positive pressure within, the lassai- ' 
fold, but -^ill open to admit air or fuel/air laixtore as 
maaifold pressure reduces below asbieat press^ore^ 
Engiaes- eiaploying direct fuel injection to the cylinders 
will not need any such modification siace the €tir 

30 induced intc the cylinders contains xto fuel and there. 

vould be no fuel loss if a proportion of the air escaped 
to atBiosi^ere. 

For erobodiBieat of this invention in two-cycle 
engines, a transfer valve 4 is provided in the cylinder 
35 head as showa in Fig 3, Such valve is operated in the 



speed* T%e .canj -is sl?:a^od tx> /^s&lt^r'irlLe -^-^^^ 

."n^ard stroke of tfee plstos., ' Tke '-^M%sf .tej^I^X^-^^^^^^ 
clo^e a£ter about tWQ-tliigrds or tii^^ i^^^ia^J •^:^^iitit?iit- , 
of^ tlie pi3to.n witlii-n the eyitiiidar l^lius yetai^^4.% ^>i3Be^ " . 
•third o£ the . ai±S:tH2?e for coisspsre^i^^ Th^^ '^'^'^^^^ 

will be i^^m.&r^±n^ tlie- siih^e^^^t jo^'r^^s^ V 

trill x-equir-e tiae c empires sl-osa. ^atio- -.^f- "tlae eaS:^!-?!^. -^to.^e 
tne ratio ^waen t^e cylinder -sroX^e at te^ ii^si^Ht V" 
or closure tlie inlet or trarssi'ez' -val^/es aiid fi^ai 
voli:jB5e of tile cyiisder ass ti^e piston 3rea.c$ia.s t:^e ^st 
i23*rard ' point of ssGvemexit* • ^ 

Of coiirse all such aud otker siodif ieetioius 
assd variations to tlx& abo-^^e prescribed e^ii^^iment as 
wuXd be apparent to perspxxs skilled in tlxe ai-t are 
de eased to fall witliin tUe broad scope and ^bit 

this invejition as is set forth in the appeixded claims. 



elated. cyi^iiids^T' ais^ stasis s-o a-s -:.-de:^3^ .a ^^^erS^^'fe^fe 

de^'i.nxsg iS33Bej^ia6aX ^^oxicxsag voXtsases 1^- c^3^' 
cosaaeeted tiB Idfee iiiiet valve ^& -s^^ ^la^p^-'te p^^l&nm- ^3ae 
open period of said Iril^-t vaive s'?fc<^ik fha^: a g^r<^^'?sfrt:ici^.. of" 
tlxB iisduced ftZ;ei/ad.r 5aijc:tar& l-s retuamed t^fczronx^gls seiti 
let veiire ti;^ an Ijilet ei^^j^i^^f ol4.« 

3^ Ain esagine stccordln^ to cXai^ 2 a^d m(^a.S3:S ^^^ar 

retaining said prop or tioi^ raeX/axr nu.xttsre witliisx S^14 
Iniet ^aixifoid v/lienever fluid prt;ss\sres tfet<&reii» exceed, 
asibient pressure. 

An engi-Eie according to claim 3 wlaerei-n said 
TRGans lnc3.udes a valve or valves associated v?itb tlK^ ixxlct 
or inlets to said manifolds, said valve or valves being 
operrAte<5. by fluid pressure sxioU tb:at fluic can enter said 
tsanifold froEj atmospliere but is unable to return to 
at»no sphere* 

5^ Art eng;lTie according to claim 1 <::onstT'o.ot^(l to 

etnploy trie two-cycle principle ^'herein said iueans Tor 
cerinlrj^ unequal working voluiaes Is a trarisfor vaJL^^'e 
provided in tbe clos^rd end oT the cj-lindur^ said transTer 
valve being tlxszed to open and close such that a- proportloxi 
of tbe f«el/air mixture wltbisi said cylinder is expelled 
tlirou^h said transf'er valve* 

6* An entitle according to claim 5 and means to 

transfer said proportion of expelled r-ael/air mixture to 
tbe engine crarJrwcase for use <iurin^ subsequent cycles, 
7* An engine accordlng^ to clalsi 6 vfh.erein said 

Cleans is a tube <;oixpled to said tra^isfer valve outlet port 
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